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Artificial Muscle Form and Function 

I. Design concept intra = problem 14% (long) -26% (short). Solution 
needed... windlass, human and prosthetic comparison. 

a. Energy 

i. PE 

ii. EE 

**» 4 to**-** 

iv. *Power = Force qP^ 1 ^ 

b. Foot, ankle, calf, shank, p o st e rior artific i a l muscle. , 

c. Artificial muscle ^ tfM&JMrf^/M/* 06**^ 

d. Increased PE -KB - {tnt/ 2 - 

i. CAM post calf 

ii. Foot shell 
Hi. Windlass 

II. Artificial muscle c Mcoiu+ipc m ivc fic**u- 

a. Max tension, max unloading. 

i. Mass, length, width, cross-sectional area 
ii. 

b. Form and function, monolithic and integral 

i. Strap solid 

ii. Fusiform 
Hi. Bi-pinnate 
iv. Multi-pinnate 
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v. Combination of design 
1. strap to muscle 

c. Function 

III. Cams, Pads, Bladders 

a. Cams 

i. Worm gear 

ii. Bolt adjustment 

iii. Sylinoid 

b. Pads 

i. Posterior calf 

ii. Longitudinal arch 

iii. Bladders 

1. Calf 

IV. Foot Shell 

V. Claims 



Background and Field of Inventio^ . ^ /^U3r^ 

Our invention is ^evice / tiiat^eplicates the function of human musculature. A 
device that adds potential energy to a prosthetic system which results in an increase in 
the prosthetic systems kinetic power generation potential. Wherein, the increase in 
kinetic power generation can be manipulated by the user to facilitate functional 
outcomes as required by the users activities. 
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I. Design Concept - Background, Intro 

S§ CO 



— r>o 

o§§§ 52 The prosthesis as shown in our high performance foot patent 

o 



o> represented by figures I iz2z* ^ » sJtdt ^C^ have been pathokinesiolog>{£#^^ 
o tested' (3D motion analyzed) on two unilateral transtibial amputees at Stanford 

University and the University of Southern California (USC). The test results indicate see 
figured 3 *L ft Oack KP) that the prosthesis does not produce equal amounts of ■ 
ankle joint sagittal plane'power as'the unaffected side^wb creating inequalities in gait 

Figure 1_ O'ack KP) shows that a 14% gap exists between the prosthetic ankle joint 

sagittal plane kinetic power and his unaffected "normal" side. Fig T_ (average J<P) 
indicates that the average of two subjects prosthetic side sagittal plane ankle joint 
kinetic power wherein one subject had an 8 n inch long calf shank _ fig it ^ 
and the other test subject had a 4" long calf shank as shown .in figuro 3 it & 'I ndicates 
that a 26% gap exists between "normal" unaffected and affected (prosthetic side) ankle 
joint sagittal plane kinetic power. This sagittal plane ankle joint kinetic power generation 
has been identified as the propulsive force needed to propel the trailing limb and body 
forward for the next step. 

The scientific literature suggests that even though all prior art prosthetic feet 
have varied mechanical designs they all function (in creating sagittal plane ankle joint 

power ) about the same. For example, US patent # (Seattle Lite Foot) and Safe 

Foot US patent # approximately 25% of "normal" ankle joint sagittal plane 
kinetic power. This represents a 7^Vo gap between the affected and unaffected sides. 
Tftff prnhlpm of gonorati ny "iiui ii ij I " human anWJoInt saylUa l p l ane kine ti c powei wit h — 
a p i usl li el l c foot, ank l e, and id l f...? 
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■" vtf 

Van Phillips US patent # shows a prior art prosthetic foot, ankle, and calf J t <^» 

wherein the calf and ankle are monolithically formed. This patent represents one of the .L { V ' , 

></ first attempts to include an elastic energy storage system at the calf shank level. This ifl ' „ 

1*^ I £ flh 

i$ particular prosthetic design configuration has been re-invented by patents , I <n"^ 

7 ^ rp?6,wr|i/iWTWi i/( V^/Mr« r,m,«n ~ t « 

The ankle joints sagittal plane kinetic power generation potential in these designs 
is significantly and deficiently affected. Figure jT (Jacks TPA and Flex) shows a 
unilateral transtibial amputee who wore in separate gait trials a Van Philfips 'patept t£ 

_ foot and our foot figure _/ . The difference in prosthetic ankle joint sagittal 

plane kinetic power generation indicates that pur prosthetic design generates 
approximately 143% more power. 



The 14% gap in ankle joint sagittal plane kinetic power generation that exists 
between our prosthetic foot system and the human foot and ankle system can be 
bridged by adding a posterior^laevice that adds potential and elastic energy storage 
capacity to our prosthetic system. 

Design Concept 



Through the proper application of mechanical design^gros^hetic structure, i 



in 



this case a foot, ankle, calf, and posterior^ertifieial musete msigh, has been created, 
which for the first time efficiently transforms potential elastic stored energy into kinetic 
energy and measurably improves the terminal stance phase propulsive force, at the 
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ankle, allowing for normalized advancement of the trailing limb and forward movement 
during amputee gait. 

Design Theory 

The foundation for the Phase I prototype designs (P1 and P2 - both of which 
incorporate a resilient longitudinal foot keel, rigid ankle coupler, resilient anteriorjacing 
convexly curved parabolic calf shank, and posterior iatf-arti f i c i a l mus cle device) were 
the mechanical structures of the human foot, ankle, and calf and their respective 
responses to ground reaction force throughout the stance phase of gait. By better 
understanding the biomechanical processes in the human foot, ankjle, i and palf we 
believe that we can create a lower extremity prosthesis, which is purely mechanical, that 
will be capable of replicating normal human function. 

Over the past 5 years our Phase I prototypes have evolved to achieve an 
accurate representation of the known biomechanical processes, as they occur in human 
gait. 

The primary focus of the design is to use resilient structures that have the 
capacity to store elastic energy which can be transformed into kinetic energy. This 
mechanical energy concept was taken one step further by creating a posterior ealf Pfr/^ 
artiftaaUSus^ has the capability of storing its own potential energy, 

wherein the potential energy is created by the work required to load the muscle with 
energy. A simple illustration, conceptually, of potential and kinetic energy can be 
explained by the stretch and release of a rubber band. When the rubber band is 
stretched it stores potential energy via its elasticity and when the rubber band is 
released the elastic stored energy is transformed into kinetic energy or the contraction 
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of the rubber band. This same principle applies to the^espacity of the resilient 
longitudinal foot keel and parabolic catT shank. In the stance phase of gait mechanical 
energy is created by the multi-segment system. This mechanical energy through the 
gait cycle creates potential energy by "loading" the etestte estfshank and foot keel. The 
stored elastic potential energy is released/transformed via the mechanical structures of 
the Phase I prototype into kinetic energy which^feates a propulsive force. Moreover, 
during gait, the body's center of gravity rises and falls creating potential and kin6tic 
energy, respectively. These alternating energy events contribute to the efficiency of . 
human locomotion, through the cyclic nature of energy absorption and ,generatipn, and 
enhance the loading properties of the elastic prosthetic foot. 

The second major design theory incorporates a variable geometric mechanical 
design concept, wherein, through the orchestration of one radius next to another, 
wherein, the radii orientation are manipulated in the sagittal, frontal and transverse 
planes. This radii orchestration was further developed by arranging the radii to respond 
to a single ground reaction force by compressing and/or expanding. This compression . 
and/or expansion of the radius relates directly to the angular velocity of the resilient 
structure going down or up respectively. Further development of this radii concept 
includes that the. angular velocity potential is a function of the radius size and is a 
function of the distance from a point of rotation. A larger radius has greater angular 
velocity potential.^ pjf^U^ 4r#ttstj mauri ici^r^ ^fW%*^^J 

Our current prosthetic system which includes a resilient foot, aoklg, and eaiU 
shank needs a boost of potential energy. Herein, lies our patent. A posterior and/or 

i 

dorsal device and/or devices that not only adds potential energy but increases the 
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elastic energy storage capacity of the whole system. Wherein, each separate 
component, i.e. the longitudinal foot keel palf shank posterior or dorsal device 
contributes a percentage to the total kinetic power generation value. (Our invention is to 
replicate the function of the human posterior calf musculature and the windlass action of 
the foot. Campbell Childs, US Patent #,^chieved this foot windlass effect, however, our 
windlass design is more simplistic and effective with increased elastic energy storage 
capacity. P^n I etooS know if a p? tpnt subcategory exjsis on-ilim stttajgCT 'I ^h.u Uuift-, 
know^ra^rioT art invention that incorpoTatesrthe multitude ol designs embodied in this 

The posterior oatf device could be a simple leaf spring figure J* with rigid 

and/or (elastic/resilient) strap. Or it could be an^elastic artificial muscle representation, 

^fOKPC fierce- 

Figure/ 6 Pj . The artificial nwe6te could include a simple solid elastic strap (figu re)/^ 
and/or multiple layers of straps. However, its form characteristics dictating specific ^^^jt. 



motion characteristics. The a rtifi ci a l muscl e further including a device that adds 

u>ponr*& pet//**- 

potential energy by pre-stretching and/or pre-loading the a rt i f i cial musc le with potential 
energy. This pesfiSar device #1 could be a pad, figure^and/or pads, figure, of different 
thicknesses, or it could be an air or hydraulic bladder, figure, or it could be a cam, 
figure.'wherein, the user of the prosthesis manipulates the device #1 to increase and/or 
decrease the amount of potential energy added to the prosthetic system. Our prosthetic 
foot shell incorporates an elastic strap system that originates in the posterior plantar and 
inserts in the anterior plantar regions of a foot shell/This elastic plantar foot system is 
not limited to being part of a foot shell system. It can be attached to the posterior and 
anterior ends of our longitudinal foot keel.'This elastic windlass system will increase the 



elastic energy storage capacity of our foot keel system which when added to our 

r 

prosthetic system will increase our elastic energy storage capacity. This elastic energy 

will be transformed into/ kinetic power. 

Our elastic windlass foot system can be manipulated by the user to increase 

and/or decrease the amount of potential energy. This manipulation is achieved by a 

f\Q Jl — 

longitudinal arch pad system of various thicknesses and forms.'tach form/shape 
dictating a pre-determined stretch on the windlass system. In use the user can change 
the longitudinal pad to a thicker, thinner, wider, arid/or narrower form, wherein a thicker 
longitudinal arch pad increases the length by stretching/preloading the wjndlass ejastic 
material. 

The need exists for device #1 and the windlass system because as the users 
activity level increases the prosthetic system should be able to be manipulated by the 
user to increase and/or decrease the kinetic power generation. This will allow our 
prosthesis to be utilized by the amputee for a wide variety of activities including walking, 
running, and jumping. f^f^jtf^^i 
II. ArttfieietlBIuSole Section - ^ # ^ ^ ,lCL ° ~ rf 



Human muscles exhibits specific form and function characteristics. For example, 

a muscle can be fusiform and/or multi-pinnate formed each dictating different functional 

motion outcomes. A muscles mass as represented by a cross sectional area times 

length dictates its power potential. A larger muscle mass will create an increase in 

power potential. Two muscles of equal mass that are either-long and narrower cross- 

section, figure ' , 4Knbrt and larger cross sectionalareas create different motion A 

/fit ft * 

outcomes. (flSE). For example, a long and narrow cross sectional area muscle has 



increase range of motion potential as compared to a short large cross sectional muscle. H^&^ 
A short and large cross sectional muscle of the same mass creates greater tension 
values in a shorter time frame. However, a long narrow muscle has greater unloading 
potential. In human walking the posterior calf muscle group in response to'ground 
reaction force loads eccentrically and an eccentrically contracting muscle has increased 
tension capabilities. Therefore a short wider cross sectional area muscle will replicate 
this function better than a long narrow muscle of the same mass. Different muscle 
configurations can be layered one on top of another creating many different motion 
outcomes. Each motion outcome potential having range of motion tensipn, unloading 
and timing characteristics. 




<*"*~~- — ^^^^^ 

0^ Cpur patent creates a prosthetic ar tif ici a l n inscte based on these simple biomechanical 
functions) Our artifieiehnDs5tee are generally monolithically formed out of an elastic 



material such as rubber, however, anybody skilled in the art would know that elastic 
materials other than rubber could be utilized and that varying densities and durometers 
could be employed in the manufacture of eur musc les. Our rffSictes could also be a 
biomechanical elastic structure incorporating resilin at the top end of the elastic spring 
efficiency scale. A hybrid of biological and mechanical forms. Our mweetes can be 
integrally formed. Wherein, a material with different and/or the same elastic rating can 
be attached to the terminal ends wherein different mechanical forms are fastened 
together. Each artific i olmuoolc having two terminal ends usually a proximal and distal 
orientation, however, as in the human they could be oriented medial to lateral and/or 
anterior to posterior or any combination thereof. 
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Our mwsetes can be manufactured by injection molding, machining or any combination 
thereof. Our meaete forms can be a simple elastic strap where in the cross sectional 
area and length can be varied to achieve different functional motion outcomes. The 
length can be varied to achieve different functional motion outcomes. The length to 
cross sectional area of the muscle dictating specific elastic storage capacity, max 
J tension, max unloading and power potential. Our muscles can be solid, fusiform, bi- ' 
pinnate and/or multi-pinnate formed with each mussle configuration dictating specific 



motion outcomes.- Our mucclos can be single and/or multilayered. Our mueetes can be 
a combination of muscle and/or sfcap or any combination thereof. Our muscles elastic 
energy storage capacity being derived from the elastic properties of the material iff the 
nwsdes are made of and its mass. Our musc le s form and mass dictate specific motion 
outcomes. Our muscles can be attached to the proximal end of our calf shank? below>^ 
knee prosthetic socket, and/or thigh cuff on any combination thereof. Our muscles 
distal attachment could be the distal end of the catf shank, posterior 1/3 rt of the foot 
keel, and/or foot keel or any combination thereof. Our a^ueetes are not specifically 
meant for the foot, ankle, and paif shank but can be utilized at the hip knee, ankle, toes, 



elbow, wrist, fingers, shoulder, trunk, neck, eyes, ears, mouth, thumb, and/or any 
combination thereof. Our pr^ofhotiomuo^ can be cross sectional shaped as a: pfCrtLC- 
rectangle, square, oblong, flat, round, triangular, or any poly angular structure, and XfG+jh 
tubular. The elongated shapes can be (see figures): fa< 6 * Z2 - 
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Our artificial mucclos elastir and form characteristics can be manipulated by design 
form to replicate the function of any muscle in the human body. Wherein every human 
muscle has a specific motion and function capability. Our mu9eteS"can"be a hybrid of 
bio-mechanical forms wherein biological tissues are interfused with mechanical 
elements to create structures capable of contracting, i.e. shortening with electricaljnput. 
Our raueetercan be a hybrid of elastic mechanical elements capable of responding to 
an electrical stimulus wherein the electrical stimulus makes the mechanical elements' 
shorten in length causing a shortening of the musetes length-. Our rouseisrafe beyond 
simple synthetic rubber. , - , : 

(jOw prosthetic foot keel and calf shank resilient - all ) (/^* 

The design of our masetes terminal ends can be integral or monolithically formed 
with the body and/or central region. The terminal end can have a male or female dove- 
tail wherein the opposite design is integrally or monolithically formed to its mate (See 

figure % The dove-tail can be oriented to be at 90° to 0°. The mate to the nwscte" 

terminal end can be made of an alloy, rubber, plastic or any combination thereofr The 
terminal end of our muscle can be formed with an elastic and/or non-elastic material 
(see figure Our muscles terminal end can have a length adjustment fastener 
attachment wherein the muscle can be tensioned by shortening the over all length of the 

, 0eAU - uMn i iPW* ^^^^^ 

^IPr reusete (see figure %\f ) . Our musSfes terminal ends can be any combination of the 
aforementioned designs. Our musetes can be made of a fibrous elastic element that 
can be expanded to produce movements for the joints they cross and/or for the human 
structure they are intended to mimic. Our rausctes can be ....brainstorm here . 
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Artific i a l muocto resilient leaf spring design, see figure %\ , this musete design 
incorporates a single and/Qr multiple leaf springs. The leaf springs can be made of 
rubber, plastic, alloy and/or composite the resiliency of the material and form dictating 
its functional motion outcomes. The leaf spring can be single and/or multilayered and 
they can be of the same and/or different lengths. The general shape of the leaf spring 
is curvilinear with a straight section and/or curvilinear throughout The leaf springs can 
respond to a force by compressing and/or expanding. Our leaf springs can be made in 
a variety of lengths, they can be layered in multiple layers. The strap material for our 
leaf spring muscle can be single or multilayered. The strap can be non-?tretching 
and/or stretchable. The function of our leaf spring rousete is to replicate the function of 
a human muscle. Our leaf springs can be made of a resilient material and/or resilient 
materials or any combination thereof to facilitate the same and/or different spring rates. 
Our leaf springs can be monolithically and/or integrally formed. Our leaf spring can be 
fusiform, bi-pinnate, and/or multi-pinnate. Our leaf springs can be formed with a middle 
section single and/or multiple cutouts. 

Our cutouts can be rectangular, square, triangular, poly angular, round/circular, half 
moon, crescent moon in shapq ^pS^^ The leaf springs can be 

bar stock and/or non-bar stock in shape, see figure below (^n l n l o , p l qir J g ). W h 1 0 f 

Our leaf springs can have symmetry and/or asymmetrical form. Our leaf spring can 
have varied spring rates within the monolithic form, wherein, the spring rate can be 
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softer and/or firmer depending on the curvilinear forms. For example ( ooo draw i ng o n 
'230.). X+Y and A-C can be the same or different widths, the spring rate of each section 
of the leaf spring being related to the width and thickness of the leaf spring in (figure R 
ojl236) was the same from top to bottom, the width of X, Y, A, B, and C would dictate 
spring rates for that area of the structure. This varied width design allows a single^ 
structure to have varied spring rates wherein the spring rates can be firmer and/or 
softer. For example, X would be softer than Y, and C softer than B, and B softer than A. 
This allows us to create a varied spring rate with one structure. This varied spring rate 
can be appreciated by the amputee because ^varied force loading pf the prosthetic 
system which occurs during walking, running, and jumping activities, the spring rate 
would ramp up. The leaf spring below is an example. Figure S (233) section 1 would 
have less spring rate than section 2 and 3. As a consequence the small force loading 
section 1 would respond as the forces go up; sections 2 and 3 would be utilized giving 
us a mechanical structure that ramps up its spring rate proportional to its force load. 

Another varied embodiment would be to have a leaf spring that has a raised middle 
section that would engage as force loading increases. For example T1-4 (294-236). 
This particular leaf spring design does not have to be rectilinear in form but could be 
curvilinear in form combining both curvilinear and/or rectilinear forms. Anybody skilled 
in the prior art would know that our basic design principles could be combined to 
achieve a desired motion outcome. 
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Pdowy objective of our prosthetic system/design is to have a foot keel, ankle, and 
shank that is highly flexible yet during the late mid-stance phase of gait the system 
becomes more rigid or when force loading goes up in running and jumping activities our 
structure becomes more rigid. This has been accomplished with our longitudinal foot 
keel and monolithically formed ankle and shank wherein the longitudinal arch area of 
the longitudinal foot keel and the parabolic shaped calf shank respond to the late mid- 
stance ground reaction force by expanding which increase^ the angular velocity 
potential of both structures which has proven to improve the ankle joints sagittal plane 
kinetic power generation value. The human ankle joint has two primary ,muscle groups 
which influence its ability to create torque and they are the anterior pretibial and 
posterior triceps surae muscle groups. The scientific literature suggests that an 1 1. to 1 
torque ratio exists between these two muscle groups with the posterior group being 1 1 . 




The biomechanical function of our powwter device whether it be a leaf spring and/or 
artificial roweete and/or windlass allows us to achieve this 11 to 1 posterior to anterior 
torque ratio, fit^^c O^Tecfl^ IfPO^ 

By preloading our shank and foot keel with our windlass and catf shank, and/or je^If 
shank and foot keel devices we can fabricate nore flexible foot keel and caff shank 
units which are highly mobile yet become more rigid on force loading further replicating 
the human structures movement and motion characteristics. 

III. Windlass foot shell (TMIS-SHOttt U Bb AN ENTIRELY SEPARATE FROV lSIQfcfAL^ 

psxzss^j^^ \yoU^ loT' 
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Traditional cosmetic foot shells are simply cosmetic in nature not adding any degree of 

f 

biomechanical function. Our windlass foot shell cover adds potential energy (PE) to the 
longitudinal foot keel, this increase in (PE), functions to increase the kinetic energy 
potential. Our windlass foot shell incorporates a single and/or multilayer of plantar 
elastic straps/bands which originate on the plantar surface posteriorly and insert on the 
plantar surface anteriorly. These elastic bands can be integrally and/or monolithically 
formed (see figure ^^ These plantar bands can be molded into the foot shell when 

the foot shell is manufactured, by injection molding (sfia-figtre ^ These plantar 

bands can be solid bands, fusiform, and/or multi-pinnate formed. Any cqmbinatio/i 
thereof can be utilized in our windlass foot shell system. For example a solid band can 
be layered with a fusiform and/or multi-pinnate formed bands. By varying the elastic 
band forms varied motion outcomes are created. Our windlass effect is not limited to 
the foot shell system. It can be created by attaching the elastic plantar bands to the 
anterior and posterior ends of the longitudinal foot keel of our prosthetic system. These 
plantar bands anterior and posterior attachments can be fastened by a fastener (&b 
^ffifllly 1 wwM heve-nevex gugssed^ its aiUwrte?^ and/or slipped over the terminal 



ends of the longitudinal foot keel fooo ffqiirn^r rivets and glebs). Varied potential energy 
can be added to this system by the use of variable thickness longitudinal arch pads.-^ 
Wherein, the user of the device would change the thickness the thickness of the 
longitudinal arch pad for higher or lower functioning activities such as walking, running, 
and jumping. For example, the user of our prosthetic system would use a thinner 
longitudinal arch pad for walking. When the user of our prosthetic system wants to run 



he/she would remove the thin longitudinal arch pad from their shoe and exchange it with 
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a thicker longitudinal arch pad: this thicker longitudinal arch pad would increase the 
tension on the plantar band. This increase in tension preload is accomplisfied because 
the longitudinal foot keel is more rigid than the plantar elastic bands and the distance 
the plantar elastic bands must travel from their terminal ends is larger. Therefore a 
thicker pad will increase the tension preload stretch on the plantar bands. In practice 
the user of our prosthetic system can add one and/or multipads to achieve a tension 
(preload) that suites their activity. A thicker longitudinal arch pad for increased 
activities. 



IV. Cams, Pads, Bladders (Potential energy manipulating devices). 

A device which functions to prestretch/preload or otherwise increase tension on our 

artificial mtisete is needed to allow the user of the prosthesis to add potential energy 

(PE) to his prosthetic system. An increase in P.E. will increase the kinetic energy which 

increases the propulsive force to propel the trailing limb and body forward for the next 

cycle. This cycle can be walking, running, and/or jumping activities. This preloading of 
vMLOS^K^L Owl** 

our artifieteH-mosete and windlass bands also functions to increase the ratio of posterior 
to anterior ankle joint torque values. 



A^* These potentiafenergy devices can be air bladders, cams, and/or pads. For example 
\\ figure ff 1_ ) shows several thicknesses of pads which can be utilized as previously 



discussed with our elastic bands an windlass device. Similar pads can be attached to of/ ^ / f 
the posterior and/or anterior aspect of a prosthetic device. For example figure ( U Y~ 
shows a pad added to the posterior aspect of a below knee socket. However, any one 
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skilled in the art would know that these pads could be used on the thigh, forearm, upper 
m, hand, fing< 



arm, hand, finger, neck, and/or any other prosthetic part to increase tension on our 



device. 



Air Bladders 

Pneumatic and hydraulic bladders can also be used to increase tension on our windlass 

and a rtificial rrosete device* For example figure ( \ > ) shows a pneumatic bladder 

which is attached to the posterior aspect of below knee socket wherein the bladder frl^ 00 ^ 

sandwiched between the socket and ar ti f i c i a l mu s cles and/or rouseles. |n practice this 

pneumatic is inflated increasing the tension on our artificial muscles. This increase in 

tension preloading adds potential energy (PE) to our system. This (PE) is variable with 

a direct relationship to the volume of air and expansion of the device. To facilitate 

expansion of our air bladder in one direction for example the pneumatic bladder is 

encapsulated in a cloth sheath that has rigidity on the sides which is achieved by the 

weave and flexibility in the anterior and posterior direction for example. The cloth 

sheath can be made of Kevlar, composites, cotton, nylon, and/or synthetic materials. 

Our pneumatic bladder can also be formed monolithically wherein the medial and lateral 

sides of the bladder are made more rigid and thicker fen the anterior and posterior sides 

for example. The objective of our pneumatic bladder is to increase the width of the 

anterior and posterior dimension while keeping the medial and lateral width narrow./^^**^* 

The pneumatic bladder when used in our windlass system would increase the plantar to 

dorsal width while not increasing the medial and lateral dimension. 
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Cams ^epiu^Hia 

Another (PE) embodiment for our a rtif i cia l muscle system uses a cam device wherein 
the user of our prosthetic system can manipulate the cam by adjusting the cam to 
increase tension preload our arttftei ei musc le. These cam devices as shown in figures 
M ft |f»d ~£ can use a worm gear and/or a single or multiple screws to cause the 
cam to lower and/or raise to tension preload our mysdes. Theise cam devices can be 
attached to the proximal and/or distal end of our monolithically formed gaff shank, 
however, as previously discussed they can be utilized on any prosthetic part that uses 
our artiffcrafmueele device. The operation of our cam devices is straighjt forward.- For 
example, our worm gear drive cam device allows the user to screw the worm gear in or 
out which transfers this rotating motion and power from the worm gear to the gear which 
is attached to the cam. Other gear types can be used in our cam such as helical, 
herringbone, bevel, and/or rack and pinion gears. 



Hi, 



Figure H_ shows a cam device that does not use a gear operation but rather a simple 
single and/or multiple adjustment screw. This adjustment screw engages the lower end 
of the cam and by screwing the screw in and out the motion of the cam is affected. In 
operation this style of cam device uses the pressure of the artificial muscle to keep the 
cam engaged with the adjustment screw and/or screws. 

Our cams can be made in several different embodiments figure , shows two rotating 

spindles wherein one or multiple muccloc can be thread through and/or over the 
spindles. Figure □ & shows a different style of cam wherein the spindles can be free 
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to rotate and/or be fixed. Still figure /jj shows a solid cam wherein spindles are not 
used. This solid cam design can be made with sides that are longer than tfie middle to 
facilitate our artificial muscle tracking. Our cams can be made using any combination of 
the aforementioned embodiment without straying from our teachings. These cam 
devices can be made of plastic, alloy, composites and/or any other suitable material. 



The cam units can be made so they are not solid, they can be made with cutouts and 
hollows to decrease weight. 2.1 S*M* + 

-Alternate Embodiment , - ; 

Cylinder ~$LiM>rt> 



Another embodiment for our cam device is a pneumatic, hydraulic, and/or electric 
cylinder (solenoid) system wherein two cylinders are employed /One cylinder (solenoid) 
is located in our rigid ankle device and the other Is located in our cam device see figure 

. This cylinder (solenoid) system is activated by the motion created in the calf 

shank during physical activity of the user. As the user force loads our prosthetic system 
anterior longitudinal foot keel the distal end of our calf shank engages the lower cylinder 
(solenoid) push rod which causes the upper cylinder (solenoid) push rod to engage the . 
cam of the cam device ((see figure 2W) in operation as anterior force loading increases 
the pressure on the lower cylinder increases proportionally which engages the upper 
cylinder proportionally which causes the cam to engage the muscle creating a 
proportional tension preload on the artificial muscle. As the force loading increases 
and/or decreases the tension on the naueete is similarly affected. This creates an 
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opportunity to allow anterior foot keel variable force loads to dictate variable tension on 

t 

the artificial muscle. As such this cylinder device creates variable motion outcomes of 
our calf shank system proportional to the users activites. 
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